In the last decade, knowledge about the variety of poly-,-hydroxyalkanoates (PHAs) which exist in nature or can be produced in the laboratory has been greatly expanded (3) . Long-side-chain (LSC) PHAs are of interest since their physical properties are very different from those of the most common PHA, poly-p-hydroxybutyrate (PHB) (7, 8) . However, the LSC PHAs have yet to find commercial application. One reason for this is their high cost of production. It was originally believed that they could only be made from hydrocarbons such as alkanes or alkanoic acids (C6 to C12) (5), but recently LSC PHAs, especially those containing P-hydroxydecanoate monomers, have been produced from carbohydrates by a variety of bacteria (6) . Knowledge of their production kinetics is required for the commercial exploitation of LSC PHAs. In a chemostat culture, LSC PHA synthesis by Pseudomonas oleovorans grown on octanoate was not significantly stimulated by nitrogen limitation (11) . This was surprising since the limitation of nitrogen, phosphorous, and certain other elements greatly increases the polymer accumulation rate in most PHB-accumulating bacteria. P. oleovorans and other PHA-producing fluorescent pseudomonads cannot make homopolymeric PHB. Since their metabolic pathway for PHA synthesis is different from that of PHB producers such as Alcaligenes eutrophus (3), the regulation of LSC PHA accumulation may not be affected by nutrient limitation. This paper describes the effect of nitrogen limitation on the LSC PHA accumulation rate by another fluorescent pseudomonad, Pseudomonas the agitation rate at 900 rpm and the aeration rate at 1.5 liter h-'. The temperature and pH were 30°C and 7.0, respectively. The dissolved oxygen concentration was kept at 40% of saturation or higher. Shake-flask studies were performed in 500-ml Erlenmeyer flasks containing 100 ml of mineral salts medium with sodium octanoate or glucose as the carbon source at pH 7.0. The contents of the flasks were incubated on a New Brunswick G10 Gyrotory shaker at 250 rpm and 30°C for 48 h.
The biomass dry weight was determined as previously described (10) . The centrifuged biomass from 10 ml of culture broth was analyzed for protein content by the biuret reaction (13) using 1.0% (wt/vol) bovine serum albumin (Sigma Chemical Co., St. Louis, Mo.) as a standard. The ammonium ion concentration in the culture broth supernatant was quantified with a gas ammonia probe (Orion Research Laboratories, Cambridge, Mass.), by using (NH4)2SO4 solutions as standards. To determine the concentration of unassimilated octanoate, 2 ml of methanol containing 0.5% (vol/vol) pentanoic acid (as an internal standard) and 2% (vol/vol) concentrated H2SO4 was added to 1 ml of supernatant and heated for 1 h at 105°C in a screw-cap tube. After cooling the solution to room temperature, 2 ml of distilled water was added and the methyl esters were extracted into 2 ml of ether. Subsequent analysis was by gas chromatography (11) . To quantify the intracellular PHA, biomass samples were harvested by centrifugation and heated in acidified methanol (2) . Chloroform-extracted methyl esters (2 RIl) of the PHA monomers were quantified by gas chromatography (11) .
Shake-flask studies showed that P. resinovorans grew well on glucose but no PHA was produced. In the chemostat culture, the carbon-to-nitrogen (C/N) ratio was varied by increasing the amount of octanoate in the feed at a dilution rate of 0.25 h-'. Under nitrogen-limited conditions at C/N ratios greater than 7.33 mol mol-1 (i.e., greater than 4 g of octanoate liter-' in the feed), the PHA monomer composition remained virtually constant at 15:75:9 P-hydroxyhex- of PHA produced after the steady-state NH4+ concentration approached 0 with octanoate as the carbon source (Fig. 1 ). This effect of nitrogen limitation was similar to that found for PHB production on glucose in the chemostat culture of A. eutrophus (9) but unlike that of the most-studied LSC PHA producer, P. oleovorans (11) . Unlike P. oleovorans, P. resinovorans responded to nitrogen limitation by greatly increasing the PHA production rate. At the point of maximum PHA accumulation, the specific PHA production rate (based on the cellular protein content) and the amount of PHA produced (expressed as the weight percent of dry biomass) were both about five times greater than that found during balanced growth (Fig. 2) . This occurred at the ratio of 17 mol of octanoate mol-1 of NH4+ ion in the feed (i.e., at 9 g of octanoate liter-l in Fig. 1 and 2 ). Exceeding this C/N ratio resulted in decreased productivity probably due to inhibition by unmetabolized octanoate. At 
